Introduction {#sec1-1}
============

As a clinical management strategy, chronic disease patients in crisis are sent to the pathology for acute phase inflammation assessment. Especially, C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) are the routinely requested tests\[[@ref1]--[@ref4]\]. Others include acute phase proteins such as fibrinogen, which together with ESR are factors that are strongly associated with whole blood viscosity (WBV).

WBV is one of Virchow\'s triad, which has been an established concept of three phenomena that ultimately lead to, and/or result from cardiovascular complications\[[@ref5][@ref6]\]. Although, predicating factors (ESR and fibrinogen) are regarded as acute phase inflammation indices, WBV is merely considered as an inflammatory marker\[[@ref7]\]. Whether abnormal WBV is prevalent in acute phase has yet to be evaluated with a robust data size. Further, WBV is considered a specific pathology index for stasis\[[@ref8][@ref9]\], while acute phase inflammation markers are considered not specific. However, the specificity of WBV has yet to be employed for evaluation of vasculopathy in chronic diseases where stasis in implicated.

Thus, it is unknown whether increased WBV vis-à-vis hyperviscosity is significantly prevalent in conditions where there is laboratory evidence of acute inflammation compared to where laboratory test is negative. Further, one of the issues being addressed is whether WBV is unduly sensitive like the acute phase inflammatory markers. The findings will contribute to formulate a statement of WBV\'s specificity and usefulness in chronic inflammatory disease management.

Considering the fact that more sensitive tests are often less specific and vice versa\[[@ref10]--[@ref12]\], one of the interests in the series of "WBV issues" is to determine whether WBV is unduly highly sensitive and less specific. The hypothesis here is that if WBV is highly sensitive to (and unspecific as) acute phase inflammation reaction, hyperviscosity would be highly prevalent in positive sub-populations of CRP and ESR compared to negative sub-populations.

The objective of this work is to investigate the prevalence of hyperviscosity in CRP and ESR including (i) whether hyperviscosity is significantly more associated with positive results of CRP and/or ESR, compared to the negative results; and (ii) whether CRP and ESR levels are higher at hyperviscosity group compared to hypo- and normo-viscosity group. The findings from this study will lend credence to whether WBV test result showing increased level should be considered non-specific, or a clinically specific complication worthy of clinical laboratory evaluation.

Materials and Methods {#sec1-2}
=====================

This work is part of Translational Biomedical Science Research initiative of the author. It is supported materially by the Albury South West Pathology -- a unit of Western Pathology Cluster of NSW Health Australia. The Ethics Committee of the Area Health Service granted request through the Operations Manager for the use of de-identified data.

Ten years de-identified archived clinical pathology data for the period of January 1999 to December 2008 constitutes the database. 40,632-cases tested for CRP and/or ESR including 9,929 cases tested for both parameters from five alternate years including 1999, 2001, 2003, 2005 and 2007 were extracted. Selection was limited to those that were concomitantly tested for haematocrit and total proteins from the same phlebotomy collection time.

WBV at high shear stress was determined from haematocrit and total proteins as previously published\[[@ref13]\]. Results of WBV were categorized within the continuum into levels of ≤15.00, 15.01-19.01 and ≥19.02 (208 Sec-1) as indicative of low, normal and high WBV levels respectively. CRP and ESR levels were compared between groups of high, low and normal WBV. Levels of WBV were also compared between negative vs. positive sub-populations of CRP and ESR. Statistical analyses were performed first by multivariate analysis of variance (MANOVA), followed with separate univariate analyses using S-Plus version 6.1. In the first analysis, the prevalence of abnormal CRP and ESR associated with different levels WBV were determined. Multivariate (age, CRP and ESR) comparison between first and forth quartiles levels of WBV were also evaluated.

CRP was measured by quantitative analysis and reported in mg/L. Normal value was ≤12mg/L and any result greater than 12mg/L was considered to indicate possible acute phase inflammatory reaction. Some negative CRP results were reported in semi-quantitative format (\<0.5, \<1, \<2 or \<10). To enable statistical analysis, these results were corrected by deleting the "\<". In the second statistical analysis, the CRP only data-set (n = 13,570) was sorted by CRP results and sub-grouped into negative and positive. The difference between WBV categories in the negative and positive CRP sub-populations were evaluated by Two-Sample Kolmogorov-Smirnov Test.

ESR was performed by VES-MATIC EASY^™^ automated analyser method and reported in mm/Hr. The third statistical analysis of this study was similar to the second. ESR data-set (n = 36,991) were separately sorted by ESR results and sub-grouped into negative and positive. The difference between WBV categories in the negative and positive ESR sub-populations were evaluated by Two-Sample Kolmogorov-Smirnov Test.

Results {#sec1-3}
=======

The demographics of the data are presented in table ([Table 1](#T1){ref-type="table"}). The yearly prevalence of the different categories of WBV observed among sub-populations of negative and positive CRP and ESR are presented in ([Table 2](#T2){ref-type="table"}).

###### 

Summary demographics of data

![](NAJMS-2-353-g001)

###### 

Cumulative prevalence of different levels of blood viscosity in abnormal and normal sub-populations of acute phase inflammation.

![](NAJMS-2-353-g002)

From the first statistical analysis, it is observed that laboratory indication of acute phase inflammation is less prevalent in the sub-population with high blood viscosity. The results show that on average, normal WBV is most prevalent in all sub-populations of negative and positive CRP/ESR ([Fig. 1](#F1){ref-type="fig"}).

![Prevalence of WBV categories in sub-populations of CRP and ESR.CRP: C-reactive protein (mg/L), ESR: erythrocyte sedimentation rate (mm/Hr), WBV: whole blood viscosity (208 Sec-1).CRP data-set (n = 13,570) and ESR data-set (n = 36,991) were sorted data by descending levels of CRP and ESR respectively, and categorized into negative and positive subgroups. The subgroups were further sorted by WBV and distributed into low, normal and high group. The fractions of in each group were then transformed as per cent prevalence of different levels of WBV associated with the separate indices of acute phase inflammation.](NAJMS-2-353-g003){#F1}

In the comparison of prevalence of the different WBV categories associated with negative and positive CRP and ESR, MANOVA presented a statistically significant difference (p \< 0.0001). The statistical difference in prevalence of WBV levels was found to be significant between negative-ESR vs. positive-ESR (p \< 0.0002), but not between negative-CRP vs. positive-CRP. In comparison of WBV levels between the first vs. forth quartiles of the acute phase inflammatory indices, MANOVA showed a statistically significant difference (p \< 0.00001), including a difference between 1^st^ quartile vs. 4^th^ quartile CRP. The result further presented a clearer picture that WBV level increase with acute phase inflammation indices, as indicated by lower WBV levels in the 1^st^ quartiles compared to the 4^th^ quartiles of CRP and ESR ([Fig. 2](#F2){ref-type="fig"}).

![Comparison of WBV level with changes in CRP and ESR levels. API: acute phase inflammation, CRP: C-reactive protein (mg/L), ESR: erythrocyte sedimentation rate (mm/Hr), WBV: whole blood viscosity (208 Sec-1). The same trend of variation in WBV level is also observed in CRP and ESR.](NAJMS-2-353-g004){#F2}

From the univariate analyses, it is observed that low WBV is most associated with abnormal acute phase inflammation ([Fig. 3](#F3){ref-type="fig"}). Further, Kolmogorov-Smirnov Test show that low WBV levels are statistically significantly less prevalent in the negative ESR sub-population than in the positive ESR sub-population (p \< 0.01), but normal WBV levels are statistically significantly more prevalent in the negative ESR sub-population than in the positive ESR sub-population (p \< 0.01). No statistically significant difference was observed in the prevalence of high WBV in the negative ESR sub-population compared to the positive ESR sub-population.

![Prevalence of abnormal acute phase inflammation at different levels of WBV. CRP: C-reactive protein (mg/L), ESR: erythrocyte sedimentation rate (mm/Hr), WBV: whole blood viscosity (208 Sec-1). Data (n = 9,929) were sorted data by descending level of viscosity and grouped into low (n = 675), normal (n = 8,922) and high (n = 332) group. The fractions of abnormal CRP and ESR in each group were then critically evaluated as per cent prevalence. CRP+ESR indicate both acute phase inflammation markers concomitantly tested positive in a participant.](NAJMS-2-353-g005){#F3}

Discussion {#sec1-4}
==========

This issue of the series is whether hyperviscosity is highly and significantly prevalent in acute phase inflammation. That is, the study investigated whether changes in blood viscosity level is a highly sensitive acute phase inflammation reaction like changes in CRP and ESR. This issue is addressed by phrasing the same question in alternate ways and the statistical analyses performed accordingly.

Is hyperviscosity frequently observable in acute phase inflammation, more than in subgroups (sub-populations) with negative CRP and ESR results?

Or

Are positive CRP and/or ESR more prevalent in hyperviscosity than in low and normal WBV groups? In other words, are there differences or similarities in stasis status among sub-populations of negative vs. positive CRP and negative vs. positive ESR?

*Is hyperviscosity frequently observable in acute phase inflammation, more than in subgroups (sub-populations) with negative CRP and ESR results?* The results from this study demonstrate a low prevalence of hyperviscosity among people who have laboratory evidence of possible acute phase inflammation reaction, as indicated by higher-than-normal CRP and ESR results. The low prevalence of hyperviscosity is not statistically significantly different between the sub-population who tested negative compared to the sub-population who tested positive for any of the routine laboratory markers. The cumulative prevalence of the different categories of WBV observed among sub-populations of negative and positive CRP ([Table 2A](#T2){ref-type="table"}), as well as those of ESR ([Table 2B](#T2){ref-type="table"}), indicate that normal WBV category is consistently the most prevalent in general population.

There is clearly a role for the measurement of other indices of the acute phase reaction beside CRP and ESR. Blood viscosity is one option. However, the choice of laboratory marker is recommended to depend on the diagnostic sensitivity and specificity of the measurement in the particular clinical situation\[[@ref3][@ref4]\]. The observation from this robust sample size study surmises, in part, that WBV is not significantly sensitive to acute phase inflammation. Therefore, laboratory test of WBV alone for indication of acute inflammation may be more likely to present false negative result.

Nevertheless, the observation of hypoviscosity being more prevalent than hyperviscosity in both negative and positive sub-populations of acute phase inflammation result has clinical management implication. It implies that beside the majority who fall within the normal WBV range, a considerable number of people do not have stasis requiring antiplatelet preventive therapy at the time of querying acute phase inflammation. It further provides information on those individuals who present with laboratory evidence of hyperviscosity syndrome and indication for antiplatelet therapy. The opinion here is that concomitant assessment of WBV will compliment to provide evidence-based clinical practice in the use of antiplatelet medication.

The averaged prevalence of the different WBV categories was found to be significant between negative and positive sub-populations (p \< 0.0002; [Fig. 1](#F1){ref-type="fig"}). A more critical evaluation of the WBV levels between first and fourth quartiles indicates that there is statistically significant difference in the actual level of WBV between high and low CRP/ESR. The result shows that blood viscosity increases with level of inflammation ([Fig. 2](#F2){ref-type="fig"}). However, it is observed that the average WBV levels at the first and forth quartiles of CRP ranking are within the recommended normal range of 15.01-19.01. This observation makes the next question imperative.

*Are positive CRP and/or ESR more prevalent in hyperviscosity than in low and normal WBV groups?* The result shows that abnormal CRP and ESR are more prevalent at low WBV compared to hyper- and normo-viscosity ([Fig. 3](#F3){ref-type="fig"}). This observation has two remarkable implications. First, it portends that acute phase inflammation may be a characteristic of hypoviscosity syndrome. Hypoviscosity has been mentioned in the literature but not followed up and not characterized with regards to inflammation\[[@ref14][@ref15]\]. Yet, it is believed that hyperviscosity is observed if there are changes in protein balance as seen in inflammation\[[@ref15]\]. The belief is not in agreement with the observation presented in this report.

Second, the observation could be due to several factors that may require elucidation. For instance, oxidative changes to the protein cytoskeleton of erythrocyte membrane enhances oxidation of the haemoglobin molecule and/or peroxidation of the lipid membrane\[[@ref16][@ref17]\]. The oxidative changes literally cause erythrocyte oxidative stress, which in turn leads to anaemia on one hand\[[@ref18]\], but also can make the blood more viscous on the other hand\[[@ref19][@ref20]\]. Whether the former effect (anaemia, which is associated with low blood viscosity) is capable of nullifying the latter effect (oxidative damage, which is associated with high viscosity) at acute phase inflammation has not been reported. Nevertheless, illustrated theory by this author is that increase in blood viscosity becomes a complication when oxidative stress is chronic/prolonged\[[@ref21]\].

Further, atherogenesis is recognized as a two-phase process, of which the second phase is believed to be implicated with greater impact of inflammation including pro-coagulant, pro-inflammatory mediators and oxidative stress\[[@ref22][@ref23]\]. The theory holds that this second phase of atherogenesis is associated with a steadily maintained level of thrombin production and fibrin formation\[[@ref22]\]. Two salient points need emphasis here viz: (1) the inflammation is implicated in the second phase of a pathophysiology. Therefore, it is thinkable that inflammation at this stage is not acute. (2) Oxidative stress, which is involved at this phase, complicates blood viscosity through opposing effects on haematocrit and red cell aggregation/deformability\[[@ref18][@ref21][@ref24]\]. It is inferred that this may underlie hyperviscosity syndrome or stasis not being more associated with acute phase inflammation. That is, probably because of the complex pathology. Therefore, it may be worthy of consideration, or to establish, whether hyperviscosity is a chronic phase inflammation marker.

It is observed low WBV levels are statistically significantly less prevalent in the negative ESR sub-population than in the positive ESR sub-population. Also, normal WBV levels are statistically significantly more prevalent in the subpopulations with negative results of acute phase inflammation markers than in those with positive results. Given the strong association between ESR and WBV, this result of low prevalence was unexpected. However, one implication of this finding is evidence of low sensitivity of WBV to closely related haematological index. This may be indication that WBV is more specific than the routine acute phase inflammation markers. It corroborates with previous observations currently in press\[[@ref25]\], to suggest putting into perspective the specificity of WBV to assess stasis in, not necessarily sensitivity to, any disease condition where cardiovascular risk is a potential complication.
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### Limitation {#sec3-1}

This study utilizing a comprehensive data has employed the author\'s suggested algorithm to determine WBV\[[@ref13]\]. It is limited by the fact that the suggested reference ranges have yet to be validated. It is also limited by non-identification of the subjects who were on medications (e.g. antiplatelet) that could impact on laboratory result. Nevertheless, the report presents significant evidence that hyperviscosity is not frequent during acute phase inflammation, which means the speculated association between inflammation and stasis syndrome could be at the chronic phase.

Conclusion {#sec1-5}
==========

This report presents evidence that stasis is not very prevalent in acute phase inflammation. The prevalence of hyperviscosity in acute phase inflammation is not different from when there is none. Low WBV is more associated with acute phase inflammation compared to people with no acute inflammatory reaction. In current clinical practice, CRP and ESR are sensitive but unspecific laboratory indices that are routinely used to assess acute phase inflammatory reaction. It is generally believed that WBV is also a marker of inflammation. The issue addressed in this study report is that WBV is neither highly prevalent/sensitive during acute phase inflammation, nor significantly different when compared to the sub-population with no evidence of acute inflammation. It corroborates with other reports to suggest putting into perspective the specificity of blood viscosity in the consideration of its usefulness.
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